This paper presents an essentially affine model of the term structure of interest rates making use of macroeconomic factors and their long-run expectations. The model extends the approach pioneered by Kozicki and Tinsley (2001) by modeling consistently long-run inflation expectations simultaneously with the term structure. Application to the U.S. economy shows the importance of long-run inflation expectations in the modeling of long-term bond yields. The paper also provides a macroeconomic interpretation for the latent factors found in standard finance models of the yield curve: the level factor represents the long-run inflation expectation of agents; the slope factor captures business cycle conditions; and the curvature factor expresses a clear independent monetary policy factor.
one of the remaining challenges lies in finding a proper economic explanation for the variation in long-term bond yields (see, for instance, Gürkaynak, Sack, and Swanson 2003) . We address this issue by making use of an affine term structure model based solely on factors with a well-defined macroeconomic interpretation. We solve the empirical misfit of long-term yields with the inclusion of filtered longrun inflation expectations. We also provide a macroeconomic interpretation for the latent factors found in standard finance models.
The framework for (latent) affine term structure models is set out in Duffie and Kan (1996) and summarized in Dai and Singleton (2000) . The latent factors derived from this line of research have no direct economic meaning and are usually labeled according to their effect on the yield curve, i.e. as a level, a slope, and a curvature factor. Although this framework has been extended with the inclusion of observable macroeconomic variables, there still seems to be a missing factor necessary to fit the long end of the term structure. For instance, Ang and Piazzesi (2003) find that even though macroeconomic factors clearly affect the short end of the yield curve, its long end is not accounted for. They close their model with the inclusion of a latent factor for this purpose.
1 Tinsley (2001, 2002) suggest that the missing factor may be related to the long-run inflation expectation of agents (endpoints). This finding clearly paves the way for a full macroeconomic interpretation of the term structure dynamics.
The model proposed in this paper extends the approach pioneered by Tinsley (2001, 2002) by modeling consistently long-run inflation expectations simultaneously with the term structure. The method improves on the approach taken in the literature to use long-run expectations of macroeconomic variables in order to fit the yield curve. Currently, a two-step approach is used where long-run expectations are first filtered from the data using some statistical procedure, and then subsequently used to fit the term structure. A drawback of this method is that not all available information is used to filter the long-run expectations since only a subset of the data series is used. Another disadvantage is that these filtered expectations are not necessarily consistent with the notion of the expected long-run value. A variable representing long-run expectations should follow a (possibly degenerate) martingale model under the empirical probability measure.
Our approach is related to other papers. In line with Ang and Piazzesi (2003) , Bekaert, Cho, and Moreno (2003) , Hördahl, Tristani, and Vestin (2003) , Tinsley (2001, 2002) , and Rudebusch and Wu (2003) , we focus on explaining the term structure by means of well-defined macroeconomic variables. Our paper, however, deviates from the approach taken by Hördahl, Tristani, and Vestin (2003) and Rudebusch and Wu (2003) in that we impose the martingale assumption on the latent macroeconomic variables, which allows us to interpret these factors as longrun (limiting) expectations of observable macroeconomic factors. This martingale 1. Dewachter, Lyrio, and Maes (2001) , using Ang and Piazzesi's framework, also show that the misfit of the long end of the term structure can be quite substantial. Large and highly persistent pricing errors (up to 6% p.a.) are found and clearly point to the existence of a possible additional factor. assumption is in accordance with the models of Tinsley (2001, 2002) . Unlike these authors, however, we use a one-step filtering approach by modeling simultaneously the macroeconomic and term structure dynamics within an essentially affine term structure model.
We apply the proposed model to the U.S. economy and show the importance of long-run inflation expectations in the modeling of long-term bonds. We also relate the set of macroeconomic variables estimated in our model to the latent factors typically found in the finance literature. We find that the level effect can be linked to long-run inflation expectations, that the slope factor correlates well with predictable inflation and business cycle components, and that the curvature effect is related to the current stance of monetary policy, i.e. to real interest rate movements not related to standard macroeconomic conditions.
The remainder of the paper is organized as follows. Section 1 presents a continuous-time model for the macroeconomy and the term structure. Section 2 implements the model by estimating the macroeconomic dynamics and filtering the long-run expectations by means of the Kalman filter. The implied interest rate policy rule is also discussed. Section 3 analyses the influence of each macroeconomic state variable on the yield curve and relates these variables to those of a latent factor Vasicek model. Section 4 contrasts the filtered long-run expectations with survey expectations and with the expectations obtained from a structural break analysis. Section 5 concludes.
AN AFFINE TERM STRUCTURE MODEL WITH MACRO FACTORS
We present a continuous-time model of the term structure of interest rates that incorporates both macroeconomic factors and their long-run expectations. We first set out the model under the empirical probability measure and introduce the definition of long-run expectation of the macroeconomic variables. The basis is a non-stationary model for the output gap, inflation, and the real interest rate. Next, we model the dynamics under the risk-neutral measure and derive the implications for the term structure of interest rates.
Incorporating Long-Run Macroeconomic Expectations
The difficulty of the purely macroeconomic approach to model the long end of the yield curve suggests some misspecification in the modeling of the long-run expectation of the short-run interest rate process. As shown by Tinsley (2001, 2002) , this misspecification can be attributed to the absence of time-varying attractors (endpoints) for the short-run interest rate. In this paper, we construct such attractors from the macroeconomic and term structure dynamics. We start by assuming the following dynamics for the output gap, y(t), inflation, π(t), and the instantaneous real interest rate, ρ(t):
where W j (t), j ϭ {y, π, ρ}, denote independent standard Brownian motions defined on the probability space (Ω, F, P) with filtration F t and time
The variables π * (t) and ρ * (t) can be interpreted as long-run macroeconomic attractors (central tendencies) if two conditions are satisfied: (1) the market does not expect any change in these variables (E t dπ * (t) ϭ 0 and E t dρ * (t) ϭ 0); and (2) the macroeconomic variables y, π, and ρ converge to their respective central tendencies. The central tendency of the output gap (y) is, by construction, equal to zero. Formally, we introduce the interpretation of π * (t) and ρ * (t) into our model by Condition (1) assuming a standard Brownian motion for the stochastic trend π * (t):
where W π* (t) denotes an independent standard Brownian motion and Condition (2) by imposing negative eigenvalues on the System (1)-(3). The latter condition amounts to restricting this system to a continuous-time vector error correction model (VECM) system with cointegrating relations of π(t) with π * (t) and ρ(t) with ρ * (t), where
Imposing stability of the System (1)-(3) in terms of deviations from these central tendencies, we ensure that they act as long-run attractors in this system:
where E t denotes the time t expectation under the empirical probability measure.
The dynamics of the above system conform well to the standard macroeconomic view. Each of the observable economic variables (output gap and inflation) is affected by three channels: the instantaneous real interest rate (ρ), the other economic variable (output gap or inflation), and a mean reverting component modeling the possible inertia in the adjustment process. Following the recent literature, we assume that the central 2. The adoption of a Gaussian (Vasicek 1977) type of model reflects our intention to offer complete flexibility with respect to the magnitudes and sizes of the conditional and unconditional correlations among the factors. This specification fulfills the admissibility conditions specified in Dai and Singleton (2000) . The costs associated with this choice are twofold: (1) the lack of flexibility in fitting the interest rate volatility, since we assume constant conditional variances for the factors; and (2) the possibility of negative interest rates. bank uses a linear policy rule for the real interest rate according to Equation (3). The model is closed with the following definition for the instantaneous interest rate i(t):
In matrix notation, the dynamics of the System (1)-(5) can be rewritten as:
where f(t) and dW(t) are n-dimensional vectors of factors and shocks given by
) .
The parameters to be estimated are present in the n-dimensional vector of constants ψ and in the n × n matrices K and S: 
The Term Structure of Interest Rates
Equations (6) and (7) specify the instantaneous interest rate and the dynamics of the macroeconomic variables. This system must, therefore, also determine (up to some risk premium component) the dynamics of the term structure of interest rates. Absence of arbitrage opportunities implies that the price at time t of a zero-coupon default-free bond maturing at time t ϩ τ is defined as 3 :
, where Q denotes the risk-neutral probability measure. This probability measure is unknown and can only be determined by assuming some specification for the market price of risk. Following the recent literature (e.g., Duffee, 2002 , Duarte, 2003 , we allow for time variability in the price of risk, ξ(t), by specifying it as an affine function of the factors:
where Λ ≡ (λ y , λ π , λ ρ , λ π *)′ and Ξ is an n × n matrix containing the sensitivities of the prices of risk to the level of the factors. Changing probability measures is done by means of Girsanov's theorem
where W i (t) denotes independent standard Brownian motions under the risk-neutral measure. In terms of this measure, the macroeconomic dynamics can be restated as:
It is well known that given the essentially affine dynamics under Q, bond prices can be expressed as an exponentially affine function of the factors f(t):
where τ ϭ T Ϫ t denotes the time to maturity of the bond and b(τ) is a n × 1 vector. The values for a(τ) and b(τ) are determined by the no-arbitrage condition in the bond markets:
where D Q denotes the Dynkin operator under the risk-neutral measure. The intuitive meaning of the latter condition is that, once transformed to a risk-neutral world, instantaneous holding returns for all bonds are equal to the instantaneous riskless interest rate.
Equations (8) and (9) determine the solution for the functions a(τ) and b(τ) in terms of the following system of ordinary differential equations (ODEs), which, in the general case, can be solved numerically by Runge-Kutta methods:
A particular solution to this system of ODEs is obtained by specifying a set of initial conditions for a and b. From Equation (8) Notice that the introduction of long-run expectations solves the problems faced by standard macro models in fitting the long end of the term structure. These longrun expectations basically do not affect the short end of the yield curve, with loadings starting at zero for the instantaneous interest rate (τ ϭ 0). Nevertheless, they do affect the long maturities in a crucial way since they serve as attractors for the observable macroeconomic variables.
ESTIMATION

Data
We base our analysis on data from McCulloch and Kwon (1993) and Bliss (1997) provided by Duffee (2002) . 5 This data set consists of end-of-the-month yields of zero-coupon U.S. Treasury bonds with maturities of 3 and 6 months and 1, 2, 5, and 10 years. We use a quarterly frequency in order to incorporate the output gap series resulting in a data set with 140 observations (1964:Q1-1998:Q4) . 6 The output (GDP) and inflation series are from the International Financial Statistics (IFS) database provided by the International Monetary Fund (IMF). A proxy for the output gap is obtained by using a Hodrick-Prescott (HP) filter on the GDP series.
7 By construction, the long-run expectation of the resulting output gap is equal to zero. Inflation is constructed by taking the yearly percentage change in the CPI index, that is π t ϭ ln CPI t Ϫ ln CPI tϪ4 . Table 1 gives some descriptive statistics of the sample series. The main characteristic to be observed is the correlation matrix showing the extreme correlation among the various bonds and significant but more moderate correlations between bonds on the one side and output gap or inflation on the other side. The output gap is positively correlated with the term structure up to 2-year yields and negatively correlated afterwards, while inflation is positively correlated with the entire term structure. The output gap and inflation are positively correlated with each other.
The Kalman Filter
The model is estimated by means of a Kalman filter. This allows us to filter the unobservable long-run inflation expectation of agents. Due to its Gaussian structure, the model is estimated in a consistent way. To apply this procedure, we first derive the discrete-time dynamics implied by the continuous-time model so as to match the observation frequency of the data. 8 The measurement equation used in the estimation includes both the observed macroeconomic variables, output gap and inflation, and the observed yield curve. In this way, we ensure that the filtered central tendency of inflation is consistent with both the macroeconomic dynamics and the term structure of interest rates. Consider a set of observed yields, ŷ(t,τ i ), i ϭ 1, . . . , m. Given that the yield is defined as Ϫln p(t,τ i )/τ i , the model implies a linear relation between the theoretical yields 5. We thank Gregory Duffee for making the data available on his website. 6. Although the original data set starts in 1958:Q1, we decide not to use the observations before 1964 due to its unreliability for long-term bonds (Fama and Bliss 1987) .
7. We use a standard "lambda" in the filtering procedure equal to 1600. 8. For details on the Kalman filter procedure, see Dewachter, Lyrio, and Maes (2002) . Notes: The bond yield data are based on spliced data from McCulloch and Kwon (1993) and Bliss (1997) provided by Duffee (2002) and concern U.S. Treasury bonds with maturities of 3 and 6 months and 1, 2, 5, and 10 years. Output gap (y) and inflation (π) data are constructed as mentioned in the text. The data series cover the period from 1964:Q1 until 1998:Q4, totalling 140 quarterly time series observations. Mean denotes the sample arithmetic average, expressed as p.a. percentage, Std standard deviation, Min minimum, Max maximum, Auto the first order quarterly autocorrelation, Skew and Kurt stand for skewness and kurtosis, respectively, while underneath these statistics are the significance levels at which the null of no skewness and the null of no excess kurtosis may be rejected. JB stands for the Jarque-Bera normality test statistic with the significance level at which the null of normality may be rejected underneath it. and the factors, i.e.
The measurement equation can then be written as:
where e i is a n × 1 column vector of zeros with a one on the i-th row, ε t is an (m ϩ 2) × 1 vector of measurement errors with E t (ε(t)ε′(t)) ϭ R and
Finally, we impose zero measurement errors for the output gap and inflation series. This ensures that the actual values for these factors are in the information set of the agents. In other words, at each point in time, agents update their assessments about these variables to the observed ones. 9 This perfect updating is obtained by imposing zero variance-covariance structure on the m ϩ 1-th and m Ϫ 2-th rows and columns of the variance-covariance matrix R. Given the measurement equation and the conditional normality of the factors, we can apply the standard Kalman filter algorithm. 
Parameter Estimates
The estimation results of the model are presented in Table 2 . 11 The most important feature of the estimates is the finding that all of the macroeconomic variables (y, π, and ρ) exhibit statistically significant reversion towards their central tendencies (equal to zero for y). This can be inferred from the statistically significant 9. Orphanides (2003a) stresses the importance of measurement errors in output gap and inflation for the implementation of monetary policy. Although we could allow for these measurement errors within the Kalman filter approach, there would be a remaining problem. Agents would not reset their inferences about the output gap and inflation to the revised published values for these variables. In order to keep the output gap and inflation factors as close as possible to the observed ones, we opt for a perfect updating in the Kalman filter procedure.
10. In practice, since the matrix K is in general not diagonal, the computation of the conditional mean and variance of the factors is not trivial. Dewachter, Lyrio, and Maes (2001) and Fackler (2000) provide equivalent procedures to compute these moments.
11. The full model is estimated in a single step procedure. Optimization was performed using the Broyden-Fletcher-Goldfarb-Shanno (BFGS) algorithm with a convergence tolerance for the gradient of the estimated coefficients equal to 1E-04. The robustness of the "optimum" reported is verified by checking convergence from an array of starting points. negative diagonal elements of the K matrix. This finding corroborates the idea that each of the macroeconomic series has a trend-cycle decomposition.
Since we impose a Brownian motion model on the long-run inflation expectation under the empirical probability measure, the system is non-stationary under this measure. Under the risk-neutral measure, however, the state space dynamics is stable, i.e. the real parts of the eigenvalues of the matrix K are all negative. Moreover, K has imaginary eigenvalues, indicating an oscillating impulse response for the dynamic system. Figure 1 presents the filtered time series for the four factors involved: two observable ones (output gap, y, and inflation, π) and two non-observable ones (the real interest rate, ρ, and the long-run inflation expectation, π * ). Table 2 also provides important information with respect to the estimated market prices of risk. Due to identification issues, we only estimate a subset of the prices of risk.
12 Note that they are estimated with a relatively high precision. Only one of the parameter estimates is not significant at the 5% level. More striking, however, is the observation that the inflation expectations enter significantly in the prices of risk attached to any of the state variables. Inflation expectations thus tend to function as a general factor of the size of all of the risk premia, indicating that market prices of risk attached to any of these factors tend to increase with the level of the expected long-run inflation.
The Interest Rate Policy Rule
The above economic framework estimates the continuous-time nominal interest rate policy rule adopted by the central bank. For ease of comparison with the current literature, however, we express the discrete-time rule implied by the continuous-time macro model in a way similar to Rudebusch (2002) and Clarida, Galí, and Gertler (1998) : 
The variable i * t ϭ π * t ϩ ρ * t represents the long-run interest rate expectation. Standard errors are reported in parentheses. As in Rudebusch (2002) and Clarida, Galí, and Gertler (1998) , the policy rule is a weighted average of the desired level in 12. We face identification problems when we allow for the estimation of all market prices of risk. The chosen set of market prices of risk avoids identification and gives enough flexibility in the determination of the time-varying risk premia. Duffee (2002) and Dai and Singleton (2002) also estimate restricted sets of the market prices of risk due to identification problems.
13. The interest rate target can also be written as i CB t ϭ [i * t ϩ 0.06y t ϩ 0.4(π t Ϫ π * t ) ϩ 2.3∆(π t Ϫ π * t )]. In this representation, the central bank target responds positively to the output gap, the deviation from inflation from long-run inflation expectations, and the change in the inflation deviation. The last term suggests that if the deviation of inflation from long-run inflation expectations is increasing, the policy will be tightened more aggressively than if the deviation is constant or declining. We thank the referee for suggesting this interpretation.
quarter t, i CB t , and the actual interest rate level in the previous quarter. This is an extension of the initial rule proposed by Taylor (1993) and reflects the central bank's desire to smooth interest rates. Our estimates point to a significantly lower role for the smoothing component (0.63) than the ones found in the literature (usually above 0.8 for quarterly data). This corroborates recent findings by Rudebusch (2002) that the adjustment of interest rates is much higher than frequently reported in the literature. In line with Rudebusch (2002) , we find that the interest rate inertia decreases significantly once additional factors (in our case long-run inflation expectations) are taken into account.
In line with the literature, we also observe a strong reaction in the central bank target to the inflation gap (i.e. inflation above the steady state inflation rate), leading to a tightening in the monetary policy. Our estimate is significantly above 1 (2.70) and implies an inflation stabilizing monetary policy. The point estimate for the coefficient on lagged inflation is also significant but has the wrong sign. This fact is also found by Clarida, Galí, and Gertler (1998) using a similar model. 14 We also find that a temporary demand shock (i.e. positive output gap) induces a small (0.06) and insignificant increase in the central bank interest rate target. The rightbottom panel of Figure 1 shows the estimated central bank target in comparison with actual short-term (3-month) nominal interest rate.
A MACROECONOMIC INTERPRETATION OF THE YIELD CURVE
Based on the empirical estimates of the previous section, we now proceed to explain the term structure from a macroeconomic perspective. We first explain the roles played by each of the macroeconomic variables in shaping the yield curve. We then compare the term structure fit from our macro model with that from a latent factor model. Finally, we relate the estimated macro factors to the latent ones found in traditional finance models. Figure 2 shows the factor loadings for the yield curve on each of the macroeconomic factors. Unlike the standard latent factor literature, we do not find evidence of a direct macroeconomic level effect. Instead, we find that inflation and the real interest rate (in accordance with Equation (6)) determine primarily the range of short maturities. The loadings of these factors typically dampen quite fast and are relatively small for the longer end of the yield curve. The long-run inflation expectation affects mainly the long end of the term structure without influencing its short end. Finally, the loadings on the output gap increase in magnitude (become more negative) between low and intermediate maturities.
Decomposing the Yield Curve
As an alternative, we track the responses across the yield curve of orthogonalized components of the macroeconomic factors. We orthogonalize the macroeconomic factors by means of a Cholesky factorization based on the following ordering: π * , π Ϫ π * , y, and ρ Ϫ ρ * . 15 We then transform the above loadings on the macro factors to those relevant for the Cholesky factors. The following transformation is used:
with (π * (t), π(t) Ϫ π * (t),y(t),ρ(t) Ϫ ρ * (t))′ ϭ Zf(t) and LL′ ϭ ZE(f (t)f′(t))Z′. Figure 3 presents these new factor loadings, B chol . As can be seen, the first Cholesky factor (a linear function of π * ) exerts an important level effect. A shock to inflation expectations is transmitted through the entire yield curve. Interestingly, we find that interest rates respond more than one-to-one to long-run inflation expectations. We recover a sensitivity of the short-term interest rates to long-run inflation expectations equal to 1.44. 16 The second and third factors are basically important for the short end of the term structure, as expected from independent mean-reverting effects. The fourth Cholesky factor loadings show a much smaller decay and also exerts some effect on the intermediate maturities.
15. Note that this factorization separates the permanent factors, i.e. the stochastic trend π * (t), from the temporary disequilibria, i.e. the vector error correction terms π(t) Ϫ π * (t),y(t) and ρ(t) Ϫ ρ * (t).
16. This value is found at the intersection of the vertical axis with the curve "cholfac1," which represents movements in the long-run inflation expectation. 
Performance Relative to a Latent Factor Model
The macroeconomic model performs reasonably well when compared to a standard latent factor model.
17 Table 3 gives some diagnostic statistics that allow us to compare the performance of the macro model with the benchmark of a latent three-factor Vasicek model. Keeping in mind that the three-factor latent model is sufficiently flexible to fit accurately the term structure, we still find the macro model to be competitive. Looking at the mean and autocorrelation of the fitting errors, the latent factor model seems to be modeling the short end of the term structure better while the macro model seems to do better in the range of longer maturities. The lack of flexibility of the macro model becomes clear by the size and standard deviation of the measurement errors, which are especially larger for the short end of the yield curve. Nevertheless, when compared to the latent factor model, the macro model displays somewhat lower autocorrelation in the measurement errors for maturities above two quarters. Figure 4 displays the fit of the macro model for the term structure of interest rates. It becomes clear from this figure that the misfit of longterm yields present in standard macroeconomic models is resolved.
An alternative method to test the adequacy of the model is to run regressions of the actual yields (or changes in yields) on the implied yields based on the macro model. Model adequacy is then tested by the null hypothesis that the implied yields are unbiased predictors of the actual yields. Running a regression in levels, we are 17. The parameter estimates for the latent factor model are available upon request. Table A1 in the Appendix). For all maturities, more than 93% of the variation of the yields is explained. So, in general, the macro model gives a reasonable description of the yield curve. Performing the regression on yield changes, however, reveals some biases. The regression coefficients tend to be significantly different from 1. Nevertheless, the fit is still reasonable since for all maturities more than 60% of the variation in the yield changes is explained. In short, although we have a good macroeconomic description of the yield curve, the restriction to fit the yield curve only by means of macro factors naturally limits the flexibility of the model. 
A Macroeconomic Interpretation of the Latent Factors
Even though the macroeconomic interpretation derived from the macro model is by definition more informative than the results obtained from a standard latent factor model, it is important to find out the link between the two representations. This would allow us to give the latent factors an economic interpretation beyond the standard level, slope, and curvature labels traditionally attached to them. Here we perform such an exercise and show that there is a clear link between the latent and macro factors.
For this purpose, we perform an ordinary least squares (OLS) regression of each of the latent factors on the orthogonalized components of the macroeconomic factors (the Cholesky factors of Section 3.1). This allows us to assess the contribution of the independent components of the macroeconomic variables to each of the latent factors. As mentioned before, we use the following ordering for the Cholesky decomposition: π * , π-π * , y, and ρ-ρ * .
18 Note that this amounts to a permanenttemporary decomposition with one independent stochastic trend (π * ) and three independent temporary components. The regression results of the latent factors on the orthogonalized factors are displayed in Table 4 . The results for the latent level factor show that it can be seen as a long-run inflation expectation factor. The filtered long-run inflation expectation explains about 99% of the total variation of the level 18. Alternative orderings in the Cholesky factorization do not change the results in a significant way. factor. The latent slope factor is mainly explained by the second and third Cholesky factors, respectively, inflation shocks orthogonal to long-run inflation expectations, and output gap effects not attributable to inflation components. More than 88% of the explained variability of the slope factor is due to these two factors. Finally, given the positive regression coefficients for both the second and third Cholesky factors, we can interpret the slope factor as a business cycle factor. That is, it tends to correlate positively with both demand inflation and the output gap shocks, both indicating a clear link to the business cycle. The weights on these factors (0.428 and 0.505, respectively) are, furthermore, similar to the coefficients suggested by Taylor (1993) . Finally, the latent curvature factor is mainly explained by the last Cholesky factor. More than 96% of the total explained variation of this factor is due to the fourth Cholesky factor. By construction, this factor represents real interest movements orthogonal to (independent from) all other macroeconomic variables.
In particular, this factor captures policy actions beyond the endogenous responses to inflation deviations and the output gap (and summarized by the business cycle factor). As such, this factor can be interpreted as an independent monetary policy factor that we label the monetary stance factor. The Cholesky factor regression coefficient is positive, meaning that an increase in the curvature is positively related to a tougher monetary policy.
Figures 5-7 give a graphical display of the latent factors together with the fit of the retained Cholesky factors. As can be seen in Figure 5 , the fit is especially significant for the latent level effect factor when compared with the first Cholesky factor, which is based solely on π * . Note also that the latent slope effect factor ( Figure 6 ) has a strong business cycle component and that the fit based on the second and third Cholesky factors track these cycles quite well. Interestingly, this latent factor suggests deeper economic downturns than the fitted macro factor (Cholesky factors). This is consistent with the evidence in Orphanides (2003b Orphanides ( , p. 1003 , which suggests that our real-time perceptions of the output gap in past recessions were more pessimistic than our current views of the experience in those periods. 19 Finally, we assess the latent curvature effect factor (Figure 7 ) that we interpret as a monetary stance variable. According to this interpretation, the stance of monetary policy was rather loose in the seventies and then abruptly changed in the beginning of the eighties when the monetary policy became particularly strong. The historical switches in inflation fighting policies corroborate this interpretation of the latent factor in terms of toughness of the monetary policy stance.
Summarizing, we find a clear interpretation of the latent factors in macroeconomic terms within the limitations of the fit for the latent slope and curvature factors. The standard latent level factor reflects a macroeconomic expectations effect, clearly related to long-run inflation expectations. The slope factor represents business cycle conditions while the curvature factor is related to the monetary policy stance held by the central bank.
CROSS-VALIDATION OF LONG-RUN INFLATION EXPECTATIONS
The introduction of long-run inflation expectations plays a crucial role in the above analysis. Despite the fact that these expectations are formally modeled as 19. We thank the referee for pointing out this fact to us. long-run attractors and that the mean reversion towards them is statistically significant, they still remain a filtered representation of the true long-run inflation expectation of the agents. In order to assess the plausibility of this filtered expectation series, we conduct two experiments. First, we relate the filtered inflation expectations to survey data. We then relate them to long-run inflation expectations obtained from a univariate structural break analysis, using the methodology of Bai and Perron (1998) , as implemented by Kozicki and Tinsley (2001) . Figure 8 contrasts the 10-year average inflation forecast implied by the macro model with the market long-run inflation expectation as recorded in the Survey of Professional Forecasters provided by the Federal Reserve Bank of Philadelphia. This figure provides supporting evidence for the filtered long-run expectations as the two series are highly correlated (0.90). In fact, regression results do not allow us to reject the one-to-one relation between the survey and the filtered expectation.
20
Note that these results are particularly strong since the survey inflation expectation series was not used whatsoever in the filtering procedure.
A second method to assess the filtered long-run inflation expectation consists of a break analysis for the long-run endpoints, as proposed by Kozicki and Tinsley (2001) . 21 We follow these authors in assuming that market expectations are an 20. The regression results are available upon request. 21. Unlike these authors, we use the methodology proposed by Bai and Perron (1998) . average of heterogeneous, agent-specific, inflation expectations. These expectations are built on an agent-specific information lag used to update their long-run expectations. Figure 9 contrasts the optimal fit based on the mean squared error (MSE) criteria (curve π inferred ) with the long-run inflation expectation obtained from the macro model (curve π * ). As can be seen from this figure, the fit is reasonable, with a correlation between the two series equal to 0.92. In short, also from a structural break point of view we can account for the filtered long-run inflation expectation.
CONCLUSIONS
In this paper, we have proposed a macro model that consistently and simultaneously models the rate of inflation, the output gap, and the term structure of interest rates. This approach extends and corroborates the research by Kozicki and Tinsley (2001) . We extend their approach by modeling long-run inflation expectations simultaneously with the term structure and by including time-varying prices of risk specifications. Our results reinforce the basic message that inflation expectations are important in modeling the term structure dynamics from a macroeconomic point of view.
We find, moreover, that four macroeconomic factors model both the term structure as well as the macroeconomic dynamics rather well. While inflation expectations play a crucial role for long-term maturities, actual macro variables such as inflation and the real interest rate are of primary importance for short-term maturities. This macroeconomic decomposition allows us to interpret the standard level, slope, and curvature effect factors typically found in the finance literature. We find the level factor to be closely linked to the long-run inflation expectation, the slope factor to be an aggregate series for the business cycle condition, and the curvature factor to be related to the monetary stance of the central bank.
Next to filtering long-run inflation expectations, we also allow for time-varying prices of risk. The time variability is assumed to be captured by the macroeconomic variables. An interesting result is that long-run inflation expectations determine to a large extent the level of the prices of risk of all sources of risk. For instance, the price of risk attached to business cycle conditions changes with the level of the longrun inflation expectation. Long-run inflation expectations are, therefore, also a prime determinant of the level of risk premia. 
